Abstract. Leptomeningeal metastasis (LM) is increasingly common in patients with non-small cell lung cancer (NSCLC) due to improved treatment, and ultimately, prolonged patient survival. The current study is a pooled analysis that evaluated intrathecal chemotherapy (ITC) as a treatment for NSCLC patients with LM. The PUBMED, OVID, EBSCO and Cochrane Library databases were searched for published studies involving ITC in NSCLC patients with LM. The primary outcomes of interest included response (symptomatic, radiographic and cytological) and survival. Overall, 4 prospective studies and 5 retrospective studies were included. In total, 37 patients received ITC only, and 552 patients received multiple interventions (ITC, whole-brain radiotherapy, epidermal growth factor receptor tyrosine kinase inhibitors, systemic chemotherapy and support care). In patients with available individual information, the reevaluated cytological, clinical and radiographic rates of response to ITC were 55% (53-60%; n=49), 64% (53-79%; n=58), and 53% (n=32), respectively, and the reevaluated median survival time (from the onset of treatment, n=50) was 6.0 months (95% CI, 5.2-6.8). In patients without available individual information, the reported cytological and clinical rates of response to ITC are 14-52% and 13-50%, respectively, and the reported median survival time (from the diagnosis of LM) was 3.0-4.3 months. The clinical response rates of patients only receiving ITC varied from 71 to 79% (100% if including stable disease). The median survival time of patients who only received ITC (7.5 months) was much longer than that of patients who received multiple interventions (3.0-5.0 months). Accordingly, in NSCLC patients with LM, ITC may offer a promising response rate and survival benefits under a suitable regimen. In addition, a suitable combination strategy of multidisciplinary therapy is extremely important for these particular patients.
Introduction
As the survival times of non-small cell lung cancer (NSCLC) patients have been significantly prolonged in recent years, leptomeningeal metastasis (LM) has exhibited a tendency for increasing in these patients (1) (2) (3) . The median survival time of NSCLC patients with LM is ≤2 months if the patients do not receive any treatment (1, 4) .
For the treatment of LM in NSCLC patients, numerous different interventions and regimens [such as radiotherapy, epidermal growth factor receptor tyrosine kinase inhibitors (EGFR TKIs), systemic chemotherapy, intrathecal chemotherapy (ITC)] have been attempted. Although each intervention has been reported to be effective, no intervention has been confirmed to be the most effective (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . In fact, the most effective intervention has not been established for LM from many other types of tumor (15) (16) (17) (18) . This is predominantly due to the lack of randomized clinical trials (RCTs). Despite its rapidly increasing incidence, LM remains a rare complication of NSCLC. The very limited number of patients significantly restricts the implementation of RCTs.
Recently, it was noted that WBRT may have no contribution to the survival time of patients with LM from NSCLC (3, 10) . It has been proposed that ITC may offer more benefits, according to the results of two retrospective studies analyzing the connection between treatment and clinical outcome in NSCLC patients with LM (2) . Thus, in order to better evaluate ITC as a treatment for these particular patients, a pooled analysis of eligible clinical studies was conducted in the present study.
Patients and methods

Studies.
A systematic search of the (http://www.ncbi.nlm. nih.gov/pubmed), OVID (http://ovidsp.ovid.com/autologin. html), EBSCO (http://search.ebscohost.com), and Cochrane Library databases (http://www.thecochranelibrary.com) was performed to identify all clinical studies that contained NSCLC patients with LM that were treated by ITC. The search strategy included articles indexed under the subject headings 'cancer', 'tumor', 'carcinoma', 'neoplasm', 'carcinomatosis', 'malignancy', 'meningitis', 'meningeal', 'leptomeningeal', 'metastasis' and 'metastases'. The latest search was conducted on July 31, 2014. The language was limited to English. Reviews and case reports were excluded. Different types of studies were included via different criteria.
Prospective studies were included according to the following criteria: i) diagnosis of LM complies with the National Comprehensive Cancer Network (NCCN) guidelines (19) ; ii) ITC was administered in prospective manner, even if few patients received concurrent systemic chemotherapy; and iii) contains individually assessable information regarding the therapeutic response or survival of NSCLC patients with LM. Finally, 4 prospective studies investigating ITC were included (7, (20) (21) (22) . No control group was set in all 4 studies.
Retrospective studies were included according to the following criteria: i) Diagnosis of LM complies with the NCCN guidelines (19) ; ii) only analyzed NSCLC patients with LM; and iii) contains comparable information regarding response rate or survival related to ITC. There were 5 retrospective studies analyzing LM from NSCLC that were included (1, 10, 12, 23, 24) .
Patients. In each prospective study, only the patients diagnosed with LM from NSCLC were pooled for analysis. As the prospective studies did not mention which patients were treated by concurrent systemic chemotherapy, these patients could not be analyzed separately. All patients in the included retrospective studies were analyzed. However, all retrospective studies did not provide the individual information of each patient. Hence, the data of prospective and retrospective studies could not be reorganized.
Reevaluation of therapeutic response. As no standardized criteria for the evaluation of therapeutic response had been defined or universally agreed at the time that the included prospective studies were conducted (16) , there were some differences in criteria among these studies. For the feasibility of reevaluating data from different studies, therapeutic responses of each reevaluable patient were graded again via the unified criteria defined in the present study (as follows).
Clinical criteria were defined as follows: Complete response (CR), resolution of all neurological signs; partial response (PR), incomplete resolution of neurological signs; stable disease (SD), no change in clinical signs; progressive disease (PD), worsening of preexisting or new neurological signs. Neuroradiographic criteria were defined as follows: CR, resolution of all neuroradiographic signs; PR, incomplete resolution of neuroradiographic signs; SD, no change in neuroradiographic signs; PD, worsening of preexisting or new neuroradiographic signs. For cytological response, the definitions of CR, PR, SD and PD were difficult to determine because of the variety of original criteria in the included studies. Thus, cytological response was graded only into two levels: With response [improved cerebrospinal fluid (CSF) cytology]; and without response (worsening CSF cytology or no change). Although this grading is simple, it was the optimal option available for the present analysis.
The present clinical and neuroradiographic criteria are the same as the criteria defined by Chamberlain et al (7) . As the retrospective studies did not provide individual information, the response rates of these reports were combined only when necessary.
Reevaluation of survival.
The time of survival of reevaluable patients was calculated on the basis of the records of each original study. The start point of survival was the onset of LM-directed therapy in prospective studies, and the diagnosis of LM in retrospective studies. The end point of survival was mortality of the patient. If the patient was alive at the end of study, the recorded time was considered to be their overall survival. Survival curves were constructed using the Kaplan-Meier method and SPSS 19.0 software (IBM, Armonk, NY, USA).
Comparison among different studies (groups).
As the data of prospective and retrospective studies could not be reorganized, a simple comparison among the included studies was conducted. To do this, these studies were first renumbered via a suitable index: Response rate was used as the numbering index for the comparison of therapeutic response; and median survival was used as the numbering index for the comparison of survival. Then, studies were ranked by this number to compare relevant information.
Results
Studies.
The basic information of the included studies is summarized in Table I . The original eligibility criteria of patients, criteria of diagnosis and evaluation of the included studies are summarized in Tables II, III and IV, respectively.
Patients. According to the eligibility criteria defined in the present study, 69 patients in prospective studies and 520 patients in retrospective studies were pooled for analysis. In detail, 68 patients were reevaluable for analysis of response rate, 50 patients were reevaluable for analysis of survival and 589 patients were available for comparison (Fig. 1 ). In total, 37 patients received ITC only, and 552 patients received multiple interventions (ITC, whole-brain radiotherapy, EGFR TKI, systemic chemotherapy, and/or support care). The basic information of pooled patients is summarized in Table V , and the individual information of reevaluable patients is listed in Table VI .
Results of reevaluating patients. The cytological, clinical and neuroradiographic response rates were 55% (53-60%; n=49), 64% (53-79%; n=58), and 53% (n=32), respectively (a response was defined as CR plus PR for clinical and neuroradiological responses). Taking SD into account, the clinical response rate was 100% when ITC was given by ventriculolumbar perfusion. The median survival time was 6.0 months (95% CI, 5.2-6.8; Fig. 2A ). The log-rank test calculated a P-value of 0.017 for the three comparable groups.
Results of comparing studies. For comparison of therapeutic response, the studies with available response rates were ranked according to ascending response rate, and then the detailed design of matched regimens was summarized (Table VII) . The percentage of symptomatic improvement was markedly higher Table II . Original eligibility criteria of patients in the included studies.
Inclusion criteria 
Morris et al,
Umemura et al,
Gwak et al, 
Nakagawa et al,
1999
Positive CSF cytology result
1996
Positive CSF cytology result Chamberlain et al,
1998
Cytological criteria: CR, 2 consecutive negative CSF (ventricular and lumbar sampling) cytological examinations at least 1 week apart (7) and sustained for at least 1 month on a regimen of stable or decreasing steroid dosage; PR, conversion from positive to suspicious on 2 consecutive CSF (ventricular and lumbar sampling) cytological examinations at least 1 week apart and sustained for at least 1 month on a regimen of stable or decreasing steroid dosage; PD, conversion from negative 2 consecutive examinations to positive, or 2 consecutive positive or suspicious cytological findings. Clinical criteria: CR, resolution of all neurologic signs; PR, incomplete resolution of neurologic signs; SD, no change in clinical signs;
PD, worsening of preexisting or new neurologic signs. Neuroradiographic criteria: CR, resolution of all neuroradiographic signs; PR, incomplete resolution of neuroradiographic signs; SD, no change in neuroradiographic signs; PD, worsening of preexisting or new neuroradiographic signs.
Gwak et al,
2013
Post-treatment ICPs were measured 3 days after cessation of the VLP (i.e. day 7), to avoid the immediate effect of VLP (drainage) on the (20) CSF flow. The other pretreatment symptoms and signs were checked 10 days after completion of the therapy (day 14).
1999
Cytological criteria: CR, negative cytology and normal cell counts and tumor marker levels (cell count ≤10/mm 3 and 50 mg/dl protein) in (21) both ventricular and spinal CSF; PR, ≥50% reduction in either ventricular or spinal CSF malignant cell count; SD, failure to fulfill criteria for either a response or progressive disease; PD, positive cytology in either ventricular or spinal CSF.
1996
Once a week, before and after perfusion therapy, routine and cytological examination of the CSF was performed.
Clinical criteria: Good, CSF findings were negative, in association with a moderate to marked improvement of neurological deficits and the ability to walk unassisted; moderate, improvement of both CSF parameters and neurological deficits, regardless of the degree of change; minor, improvement of either the CSF parameters or the neurological deficits; none, no improvement of either their neurological deficits or CSF parameters.
Lee et al,
2013
No specific evaluation, just mentioned 'ITC was administered to 109 patients (73.2%), and the median number of ITC administrations was (1) 9 (range, 1-27); only 15 patients achieved cytologically negative conversion' in the text.
Changes of ICP; other LM-related symptoms were evaluated tentatively as normalized, improved, stationary, and worsen based on patients' Park et al,
2012
The response of LM to ITC was evaluated by cytological findings of the CSF. An objective systemic response to systemic chemotherapy (24) was assessed by the Response Evaluation Criteria In Solid Tumors. in studies in which the patients received ITC only (20, 22) . If SD is taken into account, the clinical response rate was 100% in these studies. Notably, the majority of the patients in these particular studies had a poor performance status (PS) ( Table V) . These results reveal that ITC with a suitable regimen may offer a promising response rate, particularly for the improvement of clinical symptoms. All matched survival information of the analyzed patients in different studies is illustrated in Fig. 2B . The total and ITC-related median survival times of pooled patients were all >2 months (range, 3.0-18.0 months). Notably, all of the total median survival times of patients receiving multiple interventions (3.0-5.0 months) (1, 7, 10, 12, 23, 24) have a narrower range and are shorter than that of patients receiving ITC only (7.5 months) (21, 22) . Furthermore, the start point of survival in patients receiving ITC only is later than that in patients receiving multiple interventions. Additionally, the percentages of each intervention among the different studies were evidently different.
LM patients with poor PS have a poor prognosis (19) . However, in the study with the highest percentage of patients having poor PS (Table II) , the median survival time was the longest (8.0 months) (22) . These results indicate that ITC may offer survival benefits under a suitable regimen. However, the shorter median survival time and narrower range of patients (Table I) . Only two studies (23, 24) excluded some of the patients according to their eligibility criteria (Table II) . Furthermore, the regimens of ITC among the retrospective studies were also similar (Tables I and VII) . However, the studies involving multiple interventions had significant heterogeneity with regard to numerous characteristics, such as race and the percentages of patients with poor PS and ITC (Tables I and V; Fig. 3) . Additionally, the differences in the percentages of patients with poor PS and receiving ITC cannot explain the differences in median survival time among the studies involving multiple interventions. Hence, there must be other important factors causing the shortening median survival time and narrowing of the range in patients receiving multiple interventions.
----------------------------------------------------
Patient no. Data available for ----------------------------------------Age, ------------------------------------------------
For better understanding, the studies with available survival information were ranked according to the ascending order of the median survival time values (Table VIII) . The matched percentage of patients receiving each intervention was also calculated and listed in Table VIII . Notably, the significant shortening of median survival time was accompanied by a high percentage of patients receiving multiple interventions. The effect was enhanced when the interventions were given concurrently. These results suggest that the shortening of median survival time and narrowing of the range were caused by the reduction of body tolerance during repeated treatments, and also the aggravation of side effects during combination therapy.
Bias. The current study is a pooled analysis. All the data of patients came from published studies. Selection and publication biases must be considered. Without any doubt, these biases would be overcome via an RCT. However, the extremely low incidence of LM makes the implementation of RCTs very challenge and time-consuming. Prior to the publication of any convincing RCTs, the current study indeed offers some suggestions for clinical practice.
Discussion
The current study presented a pooled analysis including the largest number of NSCLC patients with LM. Although many prospective studies have been conducted to investigate drug therapy for LM from solid tumors (including NSCLC) (6,25-37), they were not available according to the criteria defined in the current study. However, these studies still offer useful information for selecting suitable experimental drugs and regimens in clinical trials that are aiming to investigate ITC for the treatment of NSCLC patients with LM (Table IX) .
As there was no individually assessable information, it was not possible to reevaluate side effects that occurred in evaluable patients. According to the reporting of each study, the incidence of side effects was low, and the symptoms were mild, usually manifesting as slight headache, nausea and fever. There was an increasing trend in the incidence of side effects in patients receiving more treatments (7) .
Compared with each study, higher response rates are achieved under suited regimen, particularly under relatively intensive regimens (e.g., more drug types, higher doses or longer administration time; Table VII). Although the higher response rates were predominantly reported by studies with relative small sample sizes, the low rates reported in the two retrospective studies with a large sample number (1, 23) still support the need for relatively intensive regimens. Considering patients also received other kinds of interventions when necessary (prior to enrolling in the original clinical trial), we speculate that the need for relatively intensive regimen is determined by the biological features of NSCLC or the drug tolerance induced by repeated treatments. As the reported side effects are slight, and serious side effects are rare, it is worth trying relatively intensive regimens in patients who are able to tolerate it well. In fact, Nakagawa et al (21) attempted to determine patient tolerance by daily dose and weekly dosage schedule, in order to achieve better efficacy. The median survival times of pooled patients were all >2 months. Notably, in patients treated predominantly by ITC, the longest median survival time was observed (6.0 months). This may be explained by the type of patients pooled in the current analysis: Clinical trials reporting shorter median survival times usually enrolled patients with different types of tumor to expand the sample size (Table IX) (38) .
Tolerance is one of the important factors that requires consideration when multiple interventions are administered to a patient. LM from NSCLC indicates the end-stage of disease that is usually associated with poor PS and low body tolerance. Thus, suitable combination strategies of multidisciplinary therapy are extremely important for NSCLC patients with LM. Besides the studies included in the current analysis, other authors also retrospectively reported that the median survival time of 30 NSCLC patients with LM was 6.0 months, with 53% of patients receiving modern systemic therapy defined as a regimen containing pemetrexed, bevacizumab or a TKI (39 (36, 37) . The indication for radiotherapy in such patients must be better defined, considering that WBRT does not appear to contribute to survival (3, 10) . EGFR TKI treatment is also considered to be a significant intervention, particularly to patients with sensitive mutations (1, (11) (12) (13) 23, 24) . Although it was reported that EGFR TKI offered higher response rate (14) and longer survival time (12) compared with other interventions, the studies (12, 14) are still retrospective and has a smaller patient number. Meanwhile, the selectivity of EGFR TKI treatment limits the scope of application, and patients are increasingly administered EGFR TKI treatment prior to the diagnosis of LM, which can lead to the development of drug tolerance. Incomplete penetration of the drug is considered to be one of the reasons for treatment failure (40) (41) (42) . Although erlotinib exhibits improved capability of penetration (43) and disease control (14) compared with other EGFR TKIs, ITC remains a more direct, less selective and also well tolerated method of treatment. As the status of EGFR mutation is not clear for all of the pooled patients, it is not possible to compare the two interventions in the current study. Future clinical studies should perform a comparison between ITC and EGFR TKI treatment.
Recently, experts in LM developed a consensus proposal [Response Assessment in Neuro-Oncology (RANO) criteria] for evaluating the response to treatment of patients with LM (44) , considering the lack of standardization and the importance of criteria for future clinical trials (38) . Unfortunately, this new criteria was not practicable in the current study. If the new criteria are used, ITC may not offer such promising response rate, as the new criteria pay more attention to the cytological and radiographic responses. However, in NSCLC patients with LM, survival is the most important indicator of response evaluation, based on the analyzed results of median survival time. In other words, symptomatic improvement is the main target for the treatment of LM in patients with poor prognosis. This must be considered during the design of future clinical trials, and investigators must also consider the feasibility of the new RANO criteria in patients with varying prognoses.
In summary, for NSCLC patients with LM, ITC may offer promising response rates and survival benefits under suitable regimen. A suitable combination strategy of multidisciplinary therapy is important to NSCLC patients with LM.
